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ABSTRACT
Epimedium mikinorii is a vulnerable species in the Epimedium genus of Berberaceae. Here, we
sequenced the complete chloroplast genome of E. mikinorii, which is 157,136bp in length, and is a typ-
ical quadripartite circular molecule composed of two inverted repeats (IRs) of 25,896bp for each, a
large single-copy region (LSC) of 88,395bp, and a small single-copy region (SSC) of 16,949bp. The com-
plete chloroplast genome of E. mikinorii contains 134 genes, including 83 protein-coding genes, 38
tRNA genes, 8 rRNA genes, and 5 pseudogenes. Phylogenetic analysis showed that E. mikinorii was
closely related to E. dolichostemon.
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Epimedium is famous for its medicinal and ornamental value.
Most of the species in this genus are distributed mainly in
the southwest and central regions of China (Zhang et al.
2014; Li et al. 2016). Epimedii folium has the therapeutic
effects of nourishing kidney, strengthening bones and reliev-
ing rheumatism, and has a long history of medical use in
traditional Chinese medicine (TCM) (Ye and Chen 2001; Wu
et al. 2003; Ma et al. 2011). The taxonomy and phylogeny of
the genus Epimedium is controversial. It is well known that
the chloroplast genome can provide effective information for
studying the phylogenetic relationship of species (Nguyen
et al. 2015). So far, the complete chloroplast genomes of six
species of Epimedium have been reported (Liu et al. 2019;
Zhang et al. 2016). In this study, we sequenced the complete
chloroplast genomes of a vulnerable species of E. mikinorii,
aiming to provide valuable information for studying tax-
onomy and phylogeny of Epimedium genus.

The E. mikinorii samples in this study were collected in the
Enshi City, Hubei Province (China; N31�190, E109�230), and a
voucher specimen (0431) was deposited in the Herbarium of
the Institute of Medicinal Plant (IMPLAD), Beijing, China. Total
DNA was extracted from the fresh leaves of E. mikinorii by
modified CTBA (Doyle and Doyle 1987). Sequencing was car-
ried out on the Illumina Novaseq PE150 platform, and the
pair-end reads of 150 bp was generated. The filtered reads
were assembled into a complete chloroplast genome by the
program GetOrganelle v1.5 (Jin et al. 2018), using the

E. acuminatum chloroplast genome (GenBank accession num-
ber: NC_029941) as a reference. The annotation of the com-
plete chloroplast genome was carried out through the online
annotators of both CPGAVAS2 (Shi et al. 2019) and Geseq
(Tillich et al. 2017), followed by manual correction. In order
to explore the phylogenetic relationship of E. mikinorii, we
downloaded the whole chloroplast genomes of 19 plant spe-
cies from the NCBI GenBank database. Maximum likelihood
(ML) analyses were performed using raxmlGUI 1.5 b (v8.2.10)
(Silvestro and Michalak 2012).

The chloroplast genome of E. mikinorii (GenBank accession
number: MN857416) is 157,136 bp in length, which is a typ-
ical quadripartite circle composed of a pair of reverse repeat-
ing region (IRa and IRb, 25,896 bp), a large single-copy region
(LSC, 88,395 bp), and a small single-copy region (SSC,
16,949 bp). The chloroplast genome contains 134 genes,
including 83 protein-coding genes, 38 tRNA genes8 rRNA
genes, and 5 pseudogenes (winfA, wrpl2, wycf15� 2, and
wycf1). Most of these genes are single copy (15 of them have
one intron, three genes of ycf3, clpP, and rps12 contain two
introns), whereas five protein-coding genes (ycf2, ndhB, rps7,
rpl23, and rps12), seven tRNA genes (trnL-CAA, trnI-GAU, trnV-
GAC, trnA-UGC, trnR-ACG, trnN-GUU, and trnI-CAU), four rRNAs
genes (rrn4.5, rrn5, rrn16, and rrn23), and one pseudogenes
(wycf15) are replicated in the IR region, and one tRNA gene
(trnQ-UUG) is duplicated in the large single-copy region (LSC).
The total content of GC is 38.81% in E. mikinorii chloroplast
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genome, while the content of GC in IR, LSC, and SSC regions
is 43.15%, 37.42%, and 32.72%, respectively.

The phylogenetic analyses showed that E. mikinorii and E.
dolichostemon were clustered together, indicating that the
evolutionary relationship between them is closer (Figure 1).
The determination of the chloroplast genome of E. mikinorii
provides valuable information regarding the taxonomy and
phylogeny of Berberaceae.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the CAMS Innovation Fund for Medical
Sciences (CIFMS) [2017-12M-3-013], the National Nature Science
Foundation of China [81473302], the Chongqing Science and Technology
Burea [cstc2018jcyjAX0316, cc-cstc-CA-19-2], and the Traditional Chinese
Medicine Science and the Technology Projects of Chongqing Health and
Family Planning Commission [ZY201802117].

References

Doyle JJ, Doyle JL. 1987. A rapid DNA isolation procedure for small quan-
tities of fresh leaf tissue. Phytochem Bull. 19:11–15.

Jin JJ, Yu WB, Yang JB, Song Y, Yi TS, Li DZ. 2018. GetOrganelle: a simple
and fast pipeline for de novo assembly of a complete circular chloro-
plast genome using genome skimming data. bioRxiv. 256479.

Li JY, Li HM, Liu D, Chen XQ, Chen CH, Li RT. 2016. Three new acylated
prenylflavonol glycosides from Epimedium koreanum. Phytochem Lett.
17:206–212.

Liu X, Yang Q, Zhang C, Shen G, Guo B. 2019. The complete chloroplast
genome of Epimedium sagittatum (Sieb. Et Zucc.) Maxim.
(Berberidaceae), a traditional Chinese herb. Mitochondrial DNA Part B.
4(2):2572–2573.

Ma H, He X, Yang Y, Li M, Hao D, Jia Z. 2011. The genus Epimedium: an
ethnopharmacological and phytochemical review. J Ethnopharmacol.
134(3):519–541.

Nguyen PAT, Kim JS, Kim JH. 2015. The complete chloroplast genome of
colchicine plants (Colchicum autumnale L. and Gloriosa superba L.) and
its application for identifying the genus. Planta. 242(1):223–237.

Shi L, Chen H, Jiang M, Wang L, Wu X, Huang L, Liu C. 2019. CPGAVAS2,
an integrated plastome sequence annotator and analyser. Nucleic
Acids Res. 47:65–73.

Silvestro D, Michalak I. 2012. raxmlGUI: a graphical front-end for RAxML.
Org Divers Evol. 12(4):335–337.

Tillich M, Lehwark P, Pellizzer T, Ulbricht-Jones ES, Fischer A, Bock R,
Greiner S. 2017. GeSeq – versatile and accurate annotation of organ-
elle genomes . Nucleic Acids Res. 45(W1):W6–W11.

Wu H, Lien EJ, Lien LL. 2003. Chemical and pharmacological investiga-
tions of Epimedium species: a survey. Prog Drug Res. 60(60):1–57.

Ye LC, Chen JM. 2001. Advances in study on pharmacological effects of
Epimedium. Chin J Chin Matreia Medica. 26(5):293–295.

Zhang Y, Du L, Liu A, Chen J, Wu L, Hu W, Zhang W, Kim K, Lee SC,
Yang TJ, et al. 2016. The complete chloroplast genome sequences of
five Epimedium species: lights into phylogenetic and taxonomic analy-
ses. Front Plant Sci. 7:306.

Zhang Y, Yang L, Chen J, Sun W, Wang Y. 2014. Taxonomic and phylo-
genetic analysis of Epimedium L. based on amplified fragment length
polymorphisms. Sci Hortic. 170:284–292.

Figure 1. Phylogenetic analysis of E. mikinorii with other plant species. The phylogenetic tree was constructed based on the whole chloroplast genome sequences
from 20 species in Ranales with Maximum likelihood (ML), with Arabidopsis thaliana as an outgroup. Numbers above node are bootstrap support values (>50%).
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